Objectives: Joint pain and radiographic osteoarthritis are often discordant. Aim: To investigate this issue more closely by studying the detailed nature of pain and disability, and how this relates to radiographic osteoarthritis. Methods: Population-based study of 819 adults aged >50 years with knee pain. The severity of knee pain, stiffness and disability was measured using a validated scale (the Western Ontario and McMaster Universities (WOMAC) Score) and pain persistence was recorded. Global severity was measured by the graded chronic pain scale. Three radiographic views of the knees were obtained-weight-bearing posteroanterior metatarsophalangeal, supine skyline and supine lateral. Results: 745 participants with knee pain in the past 6 months were eligible (mean age 65 years, 338 men). Radiographic osteoarthritis was more common in those with a longer history and more persistent symptoms. A strong trend was found of radiographic osteoarthritis being more strongly associated with higher WOMAC scores for pain severity, stiffness and disability (adjusted odds ratio (95% confidence interval (CI)) for highest v lowest WOMAC category: 3.7 (2.0 to 6.7), 3.0 (2.0 to 4.6) and 2.8 (1.6 to 5.0), respectively). Those individual WOMAC items for pain and disability pertaining to weight-bearing mobility were the most strongly associated with radiographic osteoarthritis. Combining pain persistence and global severity, persistent severe pain was associated with a significant increase in the occurrence of radiographic osteoarthritis (2.6 (95% CI 1.5 to 4.7)). Conclusions: A consistent association was found between severity of pain, stiffness and physical function and the presence of radiographic osteoarthritis. This study highlights the potential contribution of underlying joint disease to the degree of pain and disability.
T he discordance between radiographic osteoarthritis and the occurrence of knee pain in the general population has long been recognised 1 and is well documented. 2 3 Radiographic osteoarthritis occurring in apparently asymptomatic members of the general population argues against ''shoe-horning'' the experience of joint pain and associated disability into a strict disease model. 4 Despite this discordance, those with more severe radiographic disease have a higher prevalence of pain than those with less severe radiographic disease. [5] [6] [7] [8] [9] [10] This suggests that there is an association between structural markers of the disease and the illness, although several studies have emphasised that this is weak after the influence of other biomechanical, psychological and social factors have been taken into account. [11] [12] [13] Before discarding the role of pathological disease in favour of predominantly psychosocial models of pain and disability, it is important to scrutinise the way that structure-pain associations have been studied. Early studies using restricted radiographic views of the knee may have underestimated the contribution of structural pathology to pain and disability, notably by excluding the patellofemoral joint. 8 12 Pain and disability have often been represented in epidemiological studies by simple dichotomous variables-for example, pain absent or present, disability scores above a certain cut-off point. Fewer studies have investigated severity and other aspects of pain, or task-specific function. 14 15 Studies in clinical settings have been limited to relatively small samples, often with incomplete radiographic views. [16] [17] [18] [19] Additionally, the associations of radiographic osteoarthritis with pain and disability may have been masked by adjusting the statistical analysis for variables that are not confounding causes of pain and disability but represent mechanisms through which the disease process (as evidenced by x ray films) influences levels of pain and disability. 11 Previously, studies have often selected patients according to radiographic stage of the disease and then assessed pain and disability; however, patients present to clinicians with symptoms, not radiographic changes. An alternative approach is to use individuals with symptoms of pain and disability as a starting point 20 and then describe the proportion of individuals with radiographic osteoarthritis. This approach considers the question ''Does radiographic osteoarthritis occur more frequently in those with severe or persistent pain compared with those with mild or intermittent pain?'' To deal with the issues outlined earlier, we conducted a detailed study of a sample of adults aged >50 years, with self-reported current or recent knee pain derived from the general population, and we used comprehensive radiographic assessment to investigate the associations between the nature and severity of the pain and disability and the presence of radiographic knee osteoarthritis.
METHODS

Study design and population
The Knee Clinical Assessment Study is a prospective observational cohort study of people with knee pain, sampled from the general population. All patients aged >50 years registered with three general practices in North Staffordshire, UK, were invited to take part in a two-stage postal survey. Almost all patients in the UK are registered with a general practitioner, and local registers provide a convenient sampling framework for the open population irrespective of any consultation they have had. Respondents to this survey phase who indicated that they had experienced knee pain within the previous 12 months were invited to attend a research clinic for a detailed assessment. This consisted of clinical interview, physical examination, digital photography, plain radiographs, anthropometric measurement and a brief self-complete questionnaire. A detailed description of the study has been previously published. 21 This paper reports on cross-sectional analyses of baseline data from the Knee Clinical Assessment Study. Participants with recent or current knee pain (defined as knee pain within the past 6 months) and complete radiographic data were included in this analysis. Ethical approval was obtained for all phases of the study.
Data collection
Data on knee pain, stiffness and disability were gathered by self-complete questionnaires. Pain persistence was assessed by single questionnaire items on episode duration, 22 days of knee pain in the past 12 months, 23 days of knee pain in the past 6 months 24 and days of pain, aching or stiffness in the past month. 25 An additional question at the personal interview asked participants the total length of time since the onset of their knee problem. The severity of knee pain, stiffness and disability were measured using the 24-item Western Ontario and McMaster Universities (WOMAC) Osteoarthritis Index Likert version 3.0. 26 27 Each item had five response options (none, mild, moderate, severe and extreme) and yields total subscale scores for pain (5 items, total score 0-20), stiffness (2 items, total score 0-8) and disability (17 items, total score 0-68).
Global severity-the combination of pain intensity and disability-was measured by the graded chronic pain status, 24 which consisted of seven items relating to pain intensity and interference with daily activities, and classified individuals into four hierarchical categories (grade I, low intensity-low disability; grade II, high intensity-low disability; grade III, high disability-moderately limiting; and grade IV, high disabilityseverely limiting). When self-completed, the validity and reliability of this measure was verified in a general population sample with chronic pain. 28 29 For all consenting participants, we obtained three views of the knee at the clinic. A weight-bearing posteroanterior semiflexed/metatarsophalangeal view according to the Buckland-Wright protocol, 30 a skyline view and a lateral view. The skyline and lateral views were obtained with the patients in a supine position, with the knee flexed to 45˚using a wedge for accuracy. The films were recorded in the radiology department at the University Hospital of North Staffordshire, Stoke on Trent, UK, by a team of six radiographers who had all undergone training to standardise the x rays and who met for regular quality control sessions.
Only one knee per individual was analysed, the ''index knee''. In patients with unilateral knee pain, the index knee was this single painful knee. In those with bilateral knee pain the most painful knee was the index knee. In situations where participants thought that both knees were similarly painful, the index knee was selected at random.
A single reader (RD) scored all study films and was blinded to all clinical and questionnaire data. Intraobserver and interobserver repeatability was assessed in 50 participants (100 knees); the second reader for the interobserver assessment (PC) had previous experience of grading knee radiographs. Unweighted k coefficients were calculated. The tibiofemoral BMI, body mass index; ROA, radiographic osteoarthritis. When pain or aching or stiffness in the last month is dichotomised for most/all days with reference to no/few/some, the age-sex-adjusted OR (95% CI) is 1.6 (1.1 to 2.1).
joint was assessed using the posteroanterior view and the posterior compartment of the lateral view. The patellofemoral joint was assessed using the skyline and lateral view. On the basis of those authors' original written description, a Kellgren and Lawrence (K&L) grade was assigned to both the posteroanterior and skyline views as follows: grade 0, no features of osteoarthritis; grade 1, minute osteophyte, doubtful significance; grade 2, definite osteophyte, unimpaired joint space; grade 3, definite osteophyte, moderate diminution of joint space; and grade 4, definite osteophyte, joint space greatly impaired with sclerosis of the subchondral bone. 31 In the lateral view, superior and inferior patellar osteophytes were scored using a standard atlas. 32 Osteophytes on the posterior tibial surface do not appear in the atlas but were judged on the same basis of severity as other osteophytes in the lateral view.
Osteoarthritis of the knee was defined as a K&L score >2 on the PA view and/or K&L score>2 on the skyline view and/or the presence of definite superior or inferior patellar osteophytes on the lateral view and/or the presence of posterior tibial osteophytes on the lateral view. Intrareader reliability scores for posteroanterior K&L score, skyline K&L score and lateral osteophytes were very good (unweighted k = 0.81-0.98); interreader scores were also good (k = 0.49-0.76).
Statistical analysis
The prevalence of radiographic knee osteoarthritis was described for each level of severity on all individual items relating to pain persistence, pain intensity, stiffness and physical function. Owing to small numbers, the severe and extreme categories for the individual WOMAC items were collapsed. Subscale scores of WOMAC pain and physical function were split into quintiles and the stiffness subscale into tertiles on the basis of their overall distribution, and the prevalence of radiographic knee osteoarthritis was calculated for each category. The associations between severity on each item and radiographic knee osteoarthritis were expressed first as crude odds ratios (ORs) with 95% confidence intervals (CIs), and then after adjustment for age (50-59, 60-69, 70-79, >80 years), sex and body mass index (BMI (24.9, 25-29.9, >30 kg/m 2 ). Finally, to investigate the association of radiographic osteoarthritis with the combination of pain persistence, pain severity and disability, we described the prevalence of radiographic knee osteoarthritis by graded chronic pain status, expressed separately for those with non-persistent (,90 days knee pain in the previous 6 months) and persistent (>90 days) knee pain. Crude and adjusted ORs were calculated using non-persistent, low-intensity low-disability pain (NP I) as the reference category.
RESULTS
Participants
Between August 2002 and September 2003, 819 people attended the research clinic, of whom 745 were eligible for the current analysis (407 women and 338 men; mean (standard deviation (SD)) age 65.2 (8.6) years; mean (SD) BMI 29.6 (5.2) kg/m 2 ). Reasons for ineligibility were patient declined radiography (n = 2), incomplete radiographic data (total knee replacement in index knee (n = 15), unlabelled posteroanterior views (n = 2), absent patella (n = 2) and skyline views deemed uninterpretable (n = 5)), existing diagnosis of inflammatory arthritis, verified by medical record review (n = 16) and no knee pain in the past 6 months (n = 32).
In all, 509 (68.3%) patients from the study sample were classified as having radiographic osteoarthritis in the index knee. The distribution of compartmental radiographic osteoarthritis was combined tibiofemoral/patellofemoral osteoarthritis in 301 (40.4%), isolated patellofemoral osteoarthritis in 178 (23.9%) and isolated tibiofemoral osteoarthritis in 30 (4.0%). The remaining 236 (31.7%) had no evidence of radiographic osteoarthritis.
Association between pain persistence and radiographic osteoarthritis Radiographic osteoarthritis was more common in those with a longer history and more persistent symptoms. A trend of increasing strength of association with increasing severity of symptoms was observed for most variables and ORs remained significant when adjusted for age and sex. Radiographic osteoarthritis was more common in people with symptoms that had begun .1 year ago, who had not been pain free for a month for .10 years, had .3 months of knee pain in the past 12 months and .90 days of pain in the past 6 months (table 1) . When pain, aching or stiffness in the past month was dichotomised (as used to define symptomatic osteoarthritis 33 ) the age-sex-adjusted OR for radiographic osteoarthritis was 1.6 (1.1 to 2.1) for most/all days compared with no/few/some days.
Association between WOMAC and radiographic osteoarthritis
We found evidence of a trend of stronger associations with worsening WOMAC scores (figs 1, 2; table 2). Higher WOMAC Figure 1 Odds of radiographic knee osteoarthritis for individual pain items on the Western Ontario and McMaster Universities score.
scores for pain severity, stiffness and physical functioning were more strongly linked to radiographic osteoarthritis (age-sexadjusted OR (95% CI) for highest v lowest category: 3.7 (2.0 to 6.7), 3.0 (2.0 to 4.6) and 2.8 (1.6 to 5.0), respectively). The relationship between radiographic osteoarthritis and pain was evident in all five individual pain items of the WOMAC scale. Trends of association were observed in all items, but weightbearing activities were more strongly associated with radiographic osteoarthritis, pain while walking on a flat surface being the strongest (severe/extreme v none: OR 4.3, 95% CI 2.1 to 9.1). Similar trends of association were evident for individual WOMAC items related to stiffness and physical functioning.
The patterns of association with radiographic osteoarthritis were similar for both morning stiffness and stiffness after sitting, lying or resting during the day. Individual physical functioning items involving weight-bearing mobility showed the strongest association with radiographic osteoarthritis. OR adjusted for age and sex (95% CI), severe/extreme v none of radiographic knee osteoarthritis for individual physical function items of the WOMAC were as follows: walking on a flat surface 5.9 (2.4 to 14.5), ascending stairs 4.0 (2.2 to 7.4), rising from sitting 3.9 (1.9 to 7.8) and descending stairs 3.8 (2.1 to 7.0).
Association between combined pain persistence or global severity and radiographic osteoarthritis The prevalence of radiographic osteoarthritis was significantly increased only when pain was persistent and of high intensity (>grade II) when compared with the reference group with non-persistent, low-intensity pain (OR adjusted for age and sex, 95% CI for P II v NP I 2.8 (1.4 to 5.6), fig 3) . Pain that was non-persistent, even if severe and highly disabling, was not associated with a significantly higher prevalence of radiographic osteoarthritis.
DISCUSSION
Older people reporting knee pain will more likely than not have definite evidence of radiographic osteoarthritis irrespective of the nature, frequency and severity of their symptoms and disability. In this study, the proportion of patients with radiographic osteoarthritis in their index knee was 68%, slightly BMI, body mass index; ROA, radiographic knee osteoarthritis.
higher than that reported in previous population-based studies. 34 As this study was not a comparison with asymptomatic individuals, we cannot state how much of this radiographic osteoarthritis would have been present anyway. However, it is the observed trend of radiographic knee osteoarthritis and pain and disability within individuals with symptoms that is the main contribution of this study.
Whether based on persistence of knee pain within a given time, the severity of pain and stiffness, or the degree of difficulty with locomotor activities attributed to the knee problem, there is a clear increase in the prevalence of definite radiographic osteoarthritis across categories of these characteristics. These trends were consistent across each of the measures used in this study. They were steeper for pain severity and degree of difficulty, with items of weight-bearing mobility such as walking on flat surfaces and climbing stairs, consistent with the findings of Odding et al 15 and LaValley et al, 33 and persisted after adjusting for age, sex and BMI. Generally, only those with the most persistent pain and those scoring in the severe/ extreme categories for pain and functional difficulty on the WOMAC scale, had significantly higher odds of radiographic osteoarthritis compared with those in the least persistent or least severe categories.
When combining persistence and severity, a threshold effect was apparent for those with persistent, high-intensity pain and accompanying interference with activities. This was based on an existing method of classifying chronic pain, 35 but the same effect was found when the item on ''symptom days in the past month'' was combined with WOMAC pain quintiles (data not shown).
The emphasis in this paper is on grading pain and disability, and relating this to a particular definition of osteoarthritis. Whether the isolated osteophyte of K&L's grade 2 should be labelled as osteoarthritis or not is currently being debated. We repeated the analysis of the association of overall WOMAC scores after redefining radiographic osteoarthritis as K&L >grade 3 (which requires some joint space narrowing in addition to osteophytosis) and using (grade 2 as the comparison group. The associations were similar but stronger for pain, stiffness and physical function subscales (OR adjusted for age and sex, 95% CI for highest v lowest quintile of WOMAC: 4.4 (2.6 to 7.8), 3.0 (2.1 to 5.0) and 4.1 (2.3 to 7.3), respectively). This indicates that, however the label of osteoarthritis is applied, there is a strong trend of association with increasing levels of pain and disability and the presence of radiographic osteoarthritis. N the graded chronic pain status as a means of classifying combined pain and disability severity 35 ; and N a sampling frame that identified people with a wide range of severity and duration of knee pain, unselected for their use of healthcare.
Our study provides partial corroboration for the clinical description of osteoarthritis as typically involving more longstanding and persistent pain, worse on weight-bearing activities. 36 37 These results suggest that radiographic changes are more common in those with more severe symptoms. In support of this, the pattern of associations was generally consistent across measures, a trend of increasing strength of association with severity was often evident, and in some cases the association was strong. Unlike previous studies, we chose not to adjust for factors such as quadriceps weakness, anxiety or depression in the belief that these may not be truly extraneous confounders but form part of the mechanism of association or are predominantly consequences of pain and disability. When we adjusted for BMI in addition to age and sex, there was little change in the ORs and most results remained significant.
Conclusion
Our study on structure-pain associations in individuals with symptoms has found a relatively consistent relationship between increasing persistence and severity of pain and disability and the prevalence of radiographic osteoarthritis. A threshold effect in the prevalence of radiographic osteoarthritis was evident at the point when pain became persistent and of high intensity. This study has essentially imaged more of the knee joint with multiple views than in many previous studies, and this may have contributed to the increased associations with pain and disability compared with these earlier studies. The next logical step would be to consider the severity and compartmental involvement of radiographic osteoarthritis and its relationship with symptoms, described in the recent publication from Szebenyi et al. 38 We have not studied people free of pain, and therefore have not dealt with the broader question of whether radiographic osteoarthritis causes knee pain. However, we have found that, in individuals with symptoms, the worse their pain and disability, the more likely they are to have radiographic osteoarthritis.
The associations we have found are stronger than those previously observed. This has important implications for our understanding of the contribution of regional osteoarthritis pathology to the biopsychosocial model of chronic joint pain in older people.
